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(54) Device for reading coded information 

(57) The Invention relates to a device for reading 
coded information, comprising illumination means, 
means for picking-up a luminous signal diffused by an 
illuminated support containing coded information, 
means for detecting the luminous signal intended to 
generate an electrical signal that is proportional to said 
luminous signal (for example, an electrical signal with 
an amplitude variable, along at least one reading direc- 
tion, between at least one maximum value Vmax and at 
least one minimum value Vmin), and means for process- 
ing said electrical signal, intended to extract the infor- 
mation content from it. The device further comprises 
means for varying, preferably point by point, the ampli- 



tude pattern of said electrical signal along said at least 
one reading direction so as to generate an electrical sig- 
nal having a predetermined amplitude pattern, for ex- 
ample, substantially constant. Preferably, said means 
for varying the amplitude pattern of said first electrical 
signal comprises amplifying means with a gain variable 
according to a variation law substantially inverse with 
respect to the variation law of said first electrical signal. 
At each scan, such device compensates the typical am- 
plitude variations of the detected electrical signal, 
caused by the Intrinsic operation characteristic of the il- 
lumination and detection means, thus increasing the re- 
liability of the performed reading. 
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Description 



[0001] The present invention relates to a device and 
a method for reading coded information. The invention 
also relates to a device for detecting a luminous signal 
diffused by a support containing coded information. 
[0002] As known, coded information readers (for ex- 
ample, optical readers) capable of locating and decod- 
ing the information contained on a support (for example, 
an optical code associated to an object) which is into a 
predetermined reading area have been launched on the 
market in these last years. 

[0003] In this description and following claims, the ex- 
pression "coded information reader" refers to any device 
capable of acquiring information relating to an object (for 
example distance, volume, size, or its identification da- 
ta) through the acquisition and processing of a luminous 
signal diffused by the same object. The expression "cod- 
ed information" refers to all identification data contained 
in an optical code. The expression "optical code" refers 
to any graphic representation having the function of stor- 
ing a coded information. A particular example of optical 
code consists of linear or two-dimensional codes where- 
in the information is coded through suitable combina- 
tions of elements having predetermined shape, such as 
for example squares, rectangles or hexagons, dark-col- 
oured (usually black), separate by light elements (spac- 
es, usually white) such as bar codes, stacked codes, 
and two-dimensional codes in general, colour codes,' 
eic. Moreover, the expression "optical code" comprises,' 
more in general, also other graphic patterns having 
function of coding the information, including light printed 
characters (letters, numbers, etc.) and particular pat- 
terns (such as for example stamps, logos, signatures 
digital fingerprints, etc.). The expression "optical code" 
also comprises graphic representations detectable not 
only in the field of visible light but also in the wavelength 
range comprised between infrared and ultraviolet 
[0004] Only by way of example, and for the purpose 
of making the following description clearer, explicit ref- 
erence shall be made to a linear optical code reader (lin- 
ear reader); of course, a man skilled in the art shall un- 
derstand that what said is also applicable to different 
readers, such as for example two-dimensional optical 
code readers (matrix or area readers). 
[0005] Typically, optical code readers comprise an il- 
lumination system intended to emit a luminous signal 
towards the support containing the coded information to 
be read (optical code) and a reception system intended 
to pick-up the luminous signal emitted by the illuminated 
optical code. In particular, said luminous signal is picked 
up on suitable photo-receiving means (or means for de- 
tecting the luminous signal emitted by the illuminated 
optical code and picked-up through the optical reception 
system), which in turn generates an electrical signal pro- 
portional to the picked-up luminous signal; said electri- 
cal signal is intended to be afterwards elaborated and/ 
or processed and decoded, so as to extract the informa- 



tion content from it. 

[0006] In a typical embodiment of a conventional lin- 
ear optical reader, the illumination system comprises an 
array of LEDs (or more arrays, in matrix or area read- 
5 ers), optionally followed by one or more diaphragms and 
one or more focalisation lenses. Each one of the LEDs 
of the above mentioned array generates a light beam 
having a variable luminosity, with a maximum value at 
the LED optical emission axis, and with decreasing val- 
10 ues as the emission angle increases. LEDs are typically 
aligned so as to be equidistant and parallel to one an- 
other and to the reader optical axis; in this way, the light 
beam exiting from the reader has a luminosity which is 
variable along the LED alignment direction, with a pat- 
's tern that is function of the contribution of each LED, of 
the position of the LED with respect to the reader optical 
axis, and of the distance of the reader from the illumi- 
nated optical code. In fact, it has been noted that, for 
relatively small distances between reader and code' the 
20 profile of the luminous emission beam is not very even 
along the LED alignment direction and it is possible to 
distinguish in the profile, at local peaks, the contribution 
of each LED. As the distance between reader and code 
increases, besides the decrease of the luminous inten- 
ds sity of the light emission beam, said profile becomes 
more and more even, and the contribution of each LED 
becomes less and less clear; said pattern is an intrinsic 
operation feature of the optical illumination system de- 
scribed above. 

30 [0007] The reception system typically comprises one 
or more lenses and/or diaphragms intended to pick-up, 
on the photo-receiving means, the light beam emitted 
by the illuminated code. Said system exhibits the feature 
of transmitting light in a quantitatively different manner 
35 depending on whether the light passes through it in the 
axis, or at the margins of the field of view. In particular, 
the power per area unit of the luminous beam diffused 
by the illuminated code and picked-up by the above 
lenses and/or diaphragms on the photo-receiving 
^o means progressively decreases from the centre to- 
wards the edges of the same beam; said pattern is an 
intrinsic operation feature of the optical reception sys- 
tem described above. 

[0008] The photo- receiving means typically compris- 
45 es an array of photosensitive elements arranged on one 
(CCD or C-MOS linear sensors) or more parallel lines 
(CCD or C-MOS matrix sensors). Each photosensitive 
element of which the above array consists, is adapted 
to detect the light portion diffused by a corresponding 
50 portion of the illuminated optical code. 

[0009] From what said above, ft can be deduced that 
the illumination and reception systems described above 
exhibit the similar feature of attenuating the power per 
area unit of the luminous beam (respectively, of emis- 
55 sion and reception) at the margins of their field of view, 
thus producing a cumulative effect which accentuates 
the luminous unevenness between the central portion 
and the margins of the light beam picked-up on the pho- 
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to-receiving or sensor means. As a consequence, the 
photosensitive elements at the ends of the sensor (hit 
by the light coming from the areas at the edges of the 
optical code) receive less light than those arranged cen- 
trally; since the electrical signal generated by the sensor s 
is proportional to the quantity of light received by the 
various photosensitive elements, it shall thus have a dif- 
ferent pattern in amplitude depending on the distance 
from the sensor optical axis. This may cause significant 
problems for the correct operation of the optical reader to 
and, consequently, for the reliability of the reading per- 
formed by it; in fact, it would be desirable to obtain, in 
output from the sensor, an electrical signal with substan- 
tially constant amplitude, so as to ensure high precision 
and reliability standards in the subsequent optical code is 
digitalisation and decoding operations. 
[0010] For the purpose of reducing said undesired ef- 
fect of attenuation of the power per area unit of the lu- 
minous beam hitting on the photosensitive elements of 
the sensor depending on the distance from the optical 20 
axis of the same, various structural solutions have been 
identified, which have already been used in convention- 
al optical readers. For example, one of said solutions 
consists in using an illumination system wherein the var- 
ious emission LEDs are arranged at a non-constant re- 25 
ciprocal distance, and/or with a reciprocal angle; anoth- 
er solution consists in using a system for controlling the 
emission LEDs, intended to control the various LEDs in 
a differentiated way, so as to evenly illuminate the code 
at the edges as well as at the centre, or illuminate it more 30 
at the edges with respect to the centre, so as to com- 
pensate the loss of light at the edges caused by the op- 
tica! reception system. 

[0011J Thus, in the various structural solutions de- 
scribed above, the drawback mentioned above is at 35 
least partly overcome by structurally intervening on (or 
upstream of) the reader optical illumination system. 
However, although advantageous for obtaining the ex- 
pected purposes, said solutions require an ad hoc de- 
sign of the reader illumination and reception systems 40 
(that is, the implementation of a series of structural de- 
tails in said systems is required) depending on the type 
of use provided for the reader (in particular, depending 
on the type of code to be read, the expected distance 
between reader and code and/or the reader depth of 
field), thus limiting the possibility of using them for a dif- 
ferent use from what they have been designed for; 
moreover, said readers are relatively complex from a 
construction point of view, and this unavoidably affects 
the production and/or sale cost of the same negatively, so 
[0012] The technical problem at the basis of the 
present invention is that of identifying a new structural 
solution which should allow to obtain, downstream of the 
sensor, an electrical signal having - along a predeter- 
mined reading direction - any desired and predeter- 55 
mined amplitude pattern. More in particular, an object of 
the present invention is that of determining an alterna- 
tive solution to the known ones, so as to overcome the 



4 

drawback correlated to the attenuation of the power per 
area unit of the luminous beam on the photosensitive 
elements of the sensor when the distance from the op- 
tical axis of the same changes (so as to guarantee a 
correct operation and high reliability of the reader), con- 
currently overcoming the drawbacks of the solutions 
used in the prior art, in particular those relating to the 
critical implementation of the illumination and reception 
systems of the reader depending on the type of expect- 
ed use. 

[0013] Thus, in a first aspect thereof, the present in- 
vention relates to a device for reading coded informa- 
tion, comprising: 

illumination means; 

means for picking up a luminous signal diffused by 
an illuminated support containing coded informa- 
tion; 

means for detecting the luminous signal, intended 
to generate a first electrical signal proportional to 
said luminous signal; 

means for processing said first electrical signal, in- 
tended to extract the coded information content 
from it; 

characterised in that it comprises means for varying the 
amplitude pattern of said first electrical signal along at 
least one reading direction, so as to generate an elec- 
trical signal having, along said reading direction, a pre- 
determined amplitude pattern. 

[0014] Advantageously, through the device of the 
present invention it is possible to obtain, downstream of 
the optical reception path, an electrical signal having, 
along a reading direction, any desired and/or predeter- 
mined amplitude pattern. This is advantageously ob- 
tained by suitably varying the amplitude of the electrical 
signal detected by the photo- receiving means (or detec- 
tion means, or sensor). In particular, the knowledge of 
the variation law of the amplitude of the detected elec- 
trical signal (which is known in advance, or detectable 
in output from the sensor) is used to generate, at each 
scan , a control signal intended to vary the amplitude pat- 
tern of the detected electrical signal, so as to generate 
a resulting signal (in the following description, aiso re- 
ferred to as "compensated" electrical signal) having a 
desired and predetermined amplitude pattern. 
[0015] In this description and in the following claims, 
the expression "resulting (or compensated) electrical 
signal", refers to an electrical signal wherein the ampli- 
tude pattern, along a reading direction, has been varied 
(through the application of a suitable control signal) so 
as to assume a predetermined pattern. For example, ac- 
cording to the present invention, the resulting (or com- 
pensated) electrical signal can be a signal having a sub- 
stantially constant amplitude pattern (obtained starting 
from a detected electrical signal having a variable am- 
plitude), or an electrical signal having an amplitude pat- 
tern variable according to a second variation law, for ex- 
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ample with a greater amplitude at the ends (obtained 
starting from a detected electrical signal having a con- 
stant amplitude or an amplitude variable according to a 
first variation law - for example, having greater ampli- 
tude at the centre), etc.. 

[001 6] Advantageously, the device of the present in- 
vention has a preferred application in those cases in 
which the electrical signal detected by the photo-receiv- 
ing means has an amplitude variable, along said at least 
one reading direction, between at least one maximum 
value Vmax and at least one minimum value Vmin; in 
these cases, the means for varying the amplitude pat- 
tern of said first electrical signal along said at least one 
reading direction are, preferably, such as to generate an 
electrical signal with substantially constant amplitude. 
[0017] According to the present invention, and unlike 
the technical solutions described above with reference 
to the prior art, the drawback correlated to the attenua- 
tion of the power per area unit of the luminous beam 
hitting on the photosensitive elements of the sensor 
when the distance from the optical axis of the same var- 
ies, is advantageously overcome by intervening down- 
stream of the optical reception system of the luminous 
signal diffused by the illuminated optical code; in partic- 
ular, said intervention consists in varying the amplitude 
pattern of the electrical signal detected by the photo- 
receiving means (or detection means or sensor). Advan- 
tageously, this allows to release from the critical imple- 
mentation of the illumination and reception systems 
used, as in this case no ad hoc design of said systems 
is required depending on the expected use of the reader. 
[0018] In fact, the present invention is based on the 
fact of assuming the variable pattern of the amplitude of 
the detected electrical signal (caused by the variation of 
the power per area unit of the luminous beam diffused 
by the illuminated optical code) as it is, irrespective of 
the structural peculiarities of the illumination and recep- 
tion system used in the device of the invention. In par- 
ticular, the knowledge of the variation law of the ampli- 
tude of the detected electrical signal (known in advance 
or detectable in output from the sensor) is used to gen- 
erate, at each scan, a control signal adapted to vary the 
amplitude pattern of the detected electrical signal, so as 
to generate an electrical signal having - along the read- 
ing line - a predetermined amplitude pattern, in particu- 
lar a substantially constant amplitude pattern. 
[0019] Preferably, the means for varying the ampli- 
tude pattern of said first electrical signal operates on 
said first electrical signal point by point. That is to say, 
a point by point variation of the detected electrical signal 
is advantageously carried out; this is particularly advan- 
tageous for obtaining a signal having a substantially 
constant amplitude. 

[0020] Typically, the illumination means comprises at 
least one array of LEDs intended to generate a luminous 
signal. On the other hand, the means for detecting the 
luminous signal comprises at least one array of photo- 
sensitive elements aligned along said at least one read- 



ing direction. Preferably, the detection means compris- 
es a CCD or C-MOS, linear or matrix sensor. 
[0021] Preferably, the means for varying the ampli- 
tude pattern of said first electrical signal comprises am- 
5 plifying means with a gain variable according to a pre- 
determined variation law. Even more preferably, the 
means for varying the amplitude pattern of said first 
electrical signal comprises amplifying means with a gain 
variable according to a variation law which is substan- 
10 tially inverse with respect to the variation law of said first 
electrical signal (which, as already mentioned, is known 
in advance or can be detected in output from the sensor) 
and such as to apply a gain Gmin with value equal to 1 
to points of said first electrical signal having maximum 
15 amplitude Vmax and a gain Gmax with value equal to 
Vmax/Vmin to points of said first electrical signal having 
minimum amplitude Vmin. Advantageously, this allows 
to obtain, downstream of the optical reception path, an 
electrical signal with a constant amplitude, equal to 
20 Vmax. 

[0022] Of course, the closer the gain variation law ap- 
plied to the detected electrical signal is to the inverse of 
the amplitude pattern of said signal, the more constant 
is the amplitude pattern of the resulting (or compensat- 
es ed) electrical signal; as a consequence, the subsequent 
operations of digitalisation and optionally decoding of 
the optical code will be more precise and reliable. For 
the purpose of guaranteeing a minimum difference be- 
tween the gain pattern applied to the detected electrical 
30 signal and the inverse of the amplitude pattern of said 
signal, some criteria (hereinafter called compensation 
criteria) have been devised, which shall be described in 
detail in the following of the present description. 
[0023] Preferably, the device of the invention further 
35 comprises means for controlling said variable gain am- 
plifying means. Even more preferably, according to an 
embodiment of the device of the present invention, said 
controlling means comprises: 



40 - 



45 



means for generating at least one second electrical 
signal variable according to an inverse variation law 
with respect to that of at least one third electrical 
signal representative of a luminous signal diffused 
by a reference target placed on at least one prede- 
termined distance; 

means for synchronising said at least one second 
electrical signal with said first electrical signal. 



[0024] Preferably, said reference target is a white-col- 
50 oured plane support. In fact, such a target has features 
that are assimilable to those of a white paper sheet, 
which is the most common support for printing optical 
codes. Said target thus ideally represents the plane on 
which, in the normal operation of the reader, the optical 
55 code to be read shall lie. Thus, the electrical signal gen- 
erated by the sensor in these operating conditions shall 
contain the characteristic effect of the attenuation of lu- 
minosity at the edges of the field of view of the used 
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Illumination and reception optical systems. By inverting 
.the pattern of said signal it is obtained how the gain must 
vary within the scan in order to make effective the inter- 
vention of varying the amplitude pattern of the detected 
signal. 

[0025] In a preferred embodiment of the device of the 
present invention, said at least one third signal is repre- 
sentative of the mean of the electrical signals detected, 
when placing the reference target at different distances. 
The number of detections carried out at different dis- 
tances is advantageously defined on the basis of merit 
evaluations relating to the distance between target and 
reader, the type of application required for the reader, 
the heterogeneity of the patterns of the electrical signal 
detected at the various distances, etc. 
[0026] In a second aspect thereof, the present inven- 
tion relates to a device for detecting a luminous signal 
diffused by a support containing coded information, 
comprising photo-receiving means intended to generate 
a first electrical signal proportional to a luminous signal 
diffused by a support containing coded information, 
characterised in that it comprises means for varying the 
amplitude pattern, along at least one reading direction, 
of said first electrical signal, so as to generate an elec- 
trical signal having, along said reading direction, a pre- 
determined amplitude pattern, for example a substan- 
tially constant amplitude. Such a device allows to obtain 
all the advantages mentioned above with reference to 
the reading device of the present invention, and it is 
adapted to be used in such reading device. 
[0027] In a third aspect thereof, the invention relates 
to a method for reading coded information, comprising 
the following steps: 

illuminating a support containing coded information; 
picking-up a luminous signal diffused by said illumi- 
nated support; 

detecting said luminous signal so as to generate a 
first electrical signal proportional to said luminous 
signal; 

processing said first electrical signal so as to extract 
the coded information content from it; 

characterised in that it comprises the step of varying the 
amplitude pattern of said first electrical signal along at 
least one reading direction, so as to generate an elec- 
trical signal having, along said reading direction, a pre- 
determined amplitude pattern. 

[0028] Such a method can advantageously be imple- 
mented through the reading device of the present inven- 
tion and allows to obtain all the advantages mentioned 
above. 

[0029] In particular, advantageously, the method of 
the present invention has a preferred implementation in 
those cases in which the electrical signal detected by 
the photo-receiving means has an amplitude which is 
variable, along said at least one reading direction, be- 
tween at least one maximum value Vmax and at least 



one minimum value Vmin; in these cases, the variation 
of the amplitude pattern of said electrical signal detected 
along said at least one reading direction is preferably 
such as to generate an electrical signal with a substan- 

5 tially constant amplitude. In particular, the method of the 
invention allows to eliminate the phenomenon of atten- 
uation of the power per area unit of the luminous beam 
hitting on the photosensitive elements of the sensor 
when the distance from the optical axis of the same var- 

10 ies, thus guaranteeing highly reliable reads. 

[0030] Preferably, the variation of the amplitude pat- 
tern of said first electrical signal occurs point by point. 
[0031] Preferably, the step of varying the amplitude 
pattern of said first electrical signal comprises the step 

15 of amplifying said first electrical signal by applying there- 
to a gain variable according to a predetermined variation 
law. Even more preferably, the step of varying the am- 
plitude pattern of said first electrical signal comprises 
the step of amplifying said first electrical signal by ap- 

20 plying thereto a gain variable according to a variation 
law which is substantially inverse with respect to that of 
said first electrical signal. 

[0032] Preferably, the step of amplifying said first 
electrical signal comprises the step of applying a gain 
25 Gmin with a value equal to 1 to points of said first elec- 
trical signal having maximum amplitude Vmax and a 
gain Gmax with a value equal to Vmax/Vmin to points 
of said first electrical signal having minimum amplitude 
Vmin. 

30 [0033] In a first embodiment of the method of the 
present invention, the step of amplifying said first elec- 
trical signal comprises the following steps: 

generating at least one second electrical signal var- 
35 iable according to a variation law that is inverse with 
respect to that of at least one third electrical signal 
representative of at least one luminous signal dif- 
fused by a reference target placed on least at one 
predetermined distance; 
40 - synchronising said at least one second electrical 
signal with said first electrical signal; 
adjusting said gain depending on said at least one 
second electrical signal. 

45 [0034] Preferably, the step of generating said at least 
one second electrical signal comprises the following 
steps: 

detecting a third signal representative of a luminous 
50 signal diffused by an illuminated reference target 
placed at a predetermined distance; 
repeating the previous step for a predetermined 
number of times, each time varying the distance at 
which the reference target is placed; 
55 - determining at least one fourth electrical signal rep- 
resentative of the electrical signals detected by 
placing the reference target at different distances; 
determining at least one second electrical signal 
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having an inverse variation law with respect to that 
of said at least one fourth electrical signal. 

Preferably, said reference target is a white-col- 
oured plane support. 

In an alternative embodiment thereof , the meth- 
od of the present invention further comprises the 
steps of carrying out a plurality of consecutive de- 
tections, each time amplifying the detected electri- 
cal signal by applying thereto a gain variable ac- 
cording to a predetermined variation law, for exam- 
ple an inverse law with respect to that of the previ- 
ously detected signal. 

Further features and advantages of the present 
invention will appear more clearly from the following 
detailed description of a preferred embodiment, 
made with reference to the attached drawings. In 
such drawings, 

figure 1 shows a block diagram of a conventional 
optical reader for bar codes; 
figure 2 shows a block diagram of a device for de- 
tecting a luminous signal diffused by an illuminated 
optical code, according to the present invention; 
figure 3 shows a block diagram of a first embodi- 
ment of a portion of a reading device according to 
the present invention, including the device of figure 
2; 

figure 4 shows a block diagram of a second embod- 
iment of a portion of a reading device according to 
the present invention, including the device of figure 

.2; 

figure 5 shows a block diagram of a third embodi- 
ment of a portion of a reading device according to 
the present invention, including the device of figure 
2. 

[0035] For the purpose of making clearer the descrip- 
tion of the reader and/or detection device of the present 
invention, as well as the differences with the readers 
and/or detection devices of the prior art, reference shall 
be first made to figure 1 , which shows an optical code 
reader 1 00 of the conventional type (PRIOR ART). 
[0036] Typically, a reader of the conventional type 
comprises an illumination system 101 intended to emit 
a light beam 500 towards a support 1 02 containing the 
coded information to be read (in the specific case, a bar 
code) and a reception system 103, intended to pick-up 
the light beam 600 diffused by the illuminated code. In 
particular, said light beam 600 is picked-up on suitable 
photo-receiving means (or sensor) 104, which in turn 
generates an electrical signal proportional to the picked- 
up luminous signal; afterwards, said electrical signal is 
elaborated and/or processed through suitable process- 
ing means 1 05 and finally decoded through suitable de- 
coding means 1 06, so as to extract the information con- 
tent from it. 

[0037] Reference shall now be made to figure 2, 
which shows a device 1 for detecting a luminous signal 
2 generated by an illuminated support containing coded 



information (optical code), according to the present in- 
vention. 

[0038] Device 1 is intended to be used in a modified 
optical code reader, in addition to the conventional pho- 
5 to-receiving means 1 04. Such reader is an example of 
a device for reading coded information (optical code 
reader) according to the present invention. 
[0039] Such reader comprises an illumination system 
(not shown) in se conventional (that is, consisting of an 
io array of LEDs, optionally followed by cne or mere dia- 
phragms and one or more focusing lenses), intended to 
illuminate the optical code to be read. The readerf urther 
comprises a system (in se conventional as well) for re- 
ceiving and/or picking-up a luminous signal 2 emitted by 
15 the illuminated optical code and, downstream of the lat- 
ter, in the optical reception path, a detection device 1 
according to the present invention. 
[0040] Downstream of the detection device 1, the 
reader further comprises conventional means (not 
shown)*for elaborating and decoding the detected elec- 
trical signal so as to extract the information content from 
rt. 

[0041] As shown in figure 2, the detection device 1 of 
the invention comprises a sensor 3 of the conventional 
type, including an array of photosensitive elements ar- 
ranged on a line (CCD or C-MOS linear sensors) or 
more lines (CCD or C-MOS matrix sensors) that is/are 
parallel to a predetermined reading or scan direction of 
the code. Said sensor is intended to generate an elec- 
trical signal 4 proportional to the luminous signal 2 dif- 
fused by the illuminated optical code (and picked-up 
through the optical reception system); for example, the 
electrical signal 4 is a signal with an amplitude variable, 
along the above reading direction, between a maximum 
value Vmax and a minimum value Vmin (depending on 
the luminosity variation of the luminous signal 2 emitted 
by the illuminated optical code). 
[0042] Operatively associated to sensor 3 there is 
provided, in device 1 of the invention, means 5 for var- 
ying point by point the amplitude pattern of the electrical 
signal 4 along the above reading direction, so as to gen- 
erate a resulting electrical signal 6 having predeter- 
mined amplitude, preferably a substantially constant 
amplitude. Said means 5. is shown in figure 2 directly at 
■the output from sensor 3; actually, it can be arranged in 
different points (more downstream) in the signal 
processing chain of the reader of the invention, on con- 
dition that it is always operatively associated to the sen- 
sor 3 (for example, after a buffer, a pre-amplifier, a fil- 
tering system, etc.) 

[0043] In turn, means 5 comprises amplifying means 
7 with a gain variable according to a variation law gen- 
erating a desired and/or predetermined signal amplitude 
pattern, preferably according to a law which is substan- 
tially inverse with respect to the variation law of the elec- 
trical signal 4; moreover, means 5 comprises means 8 
for controlling the amplifying means 7. 
[0044] The controlling means 8 produces a control 



25 



30 



35 



40 



45 



50 



6 



11 



EP 1 205 871 A1 



12 



signal 9 containing the information on how the gain of 
.the amplifying means 7 must vary within the scan to car- 
ry out the amplitude variation of the electrical signal 4 
detected by sensor 3, so as to generate a resulting elec- 
trical signal 6 having a predetermined amplitude, pref- s 
erably constant. For example, according to an embodi- 
ment of device 1 of the invention, the amplifying means 
7 can be controlled, through the control signal 9, so as 
to apply a gain Gmin with a value equal to 1 to points of 
the electrical signal 4 having maximum amplitude Vmax, 
a gain Gmax with a value equal to Vmax/Vmin to points 
of the electrical signal 4 having minimum amplitude 
Vmin, and a substantially inverse gain variation law with 
respect to the variation law of the electrical signal 4 to 
all of the other points of the electrical signal 4 whose 
amplitude values are comprised between Vmax and 
Vmin. By doing so, a resulting electrical signal 6 is ob- 
tained downstream of sensor 3, having desired and/or 
predetermined amplitude, in particular with a constant 
amplitude equal to Vmax. 

[0045] The cioserthe gain variation law applied to the 
detected electrical signal 4 is to the inverse of the am- 
plitude pattern of said signal, the more constant is the 
amplitude pattern of the resulting electrical signal 6 after 
having carried out the intervention of varying the ampli- 
tude pattern; as a consequence, the following opera- 
tions of digitalisation and optionally decoding of the op- 
tical code will be more precise and reliable. 
[0046] As already mentioned, for the purpose of guar- 
anteeing a minimum difference between the gain pat- 
tern applied to the detected electrical signal 4 and the 
inverse of the amplitude pattern of said signal, the in- 
ventors have devised some compensation criteria which 
shall be described in detail in the following of the present 
description, in fact, although it is possible to calculate - 
when the distance varies - the illumination profile pattern 
of a typical illumination system consisting of equal lumi- 
nous sources (LED), arranged in a row and equidistant 
from one another, on a plane target arranged in front of 
them in a perpendicular position with respect to their 
symmetry axis, and although the luminous profile pat- 
tern picked-up through the optical reception system on 
the photo-receiving means is known (or detectable), the 
distance from the optical code at which the reader shall 
be arranged by the user during operation, and its incli- 
nation, are not predictable in advance. Advantageously, 
the compensation criteria described below take into 
consideration said different operating conditions of the 
reader. 

[0047] According to one of said criteria, a reference 
target is realised, consisting of a white-coloured plane 
support whose features are assimilable to those of a 
white paper sheet, which is the most common support 
forprinting optical codes. The target thus realised ideally 
represents the plane in the space on which, in the nor- 
mal operation of the reader, the optical code to be read 
shall lie. Thus, the electrical signal 4 generated by sen- 
sor 3 in these operating conditions shall contain the 



characteristic effect of the luminosity attenuation of the 
used reception and illumination optical systems. By in- 
verting the pattern of said signal, it is obtained how the 
gain must vary within the scan in order to make effective 
the intervention of varying the amplitude pattern of the 
electrical signal 4. 

[0048] More preferably, the above step of detecting 
the luminous signal 2 emitted by the illuminated target 
is repeated for a predetermined number of times, each 
time varying the distance between target and reader; 
said number of times can be defined on the basis of mer- 
it evaluations relating to the reading depth of field of the 
reader, the heterogeneity of the luminous patterns at the 
various distances, the type of application required for 
the reader, etc. After having carried out all the foreseen 
detections, it is determined which pattern among the de- 
tected ones may be the pattern of a mean or most typical 
electrical signal (by defining a mean or most typical val- 
ue of the Vmax/Vmin ratio which should meet the oper- 
ative requirements of the reader, or by obtaining the var- 
iation pattern of the signal, in its becoming between the 
values Vmax and Vmin, which should meet the opera- 
tive requirements of the reader). 
[0049] From the structural point of view, the criterion 
described above can be implemented by various alter- 
native embodiments of the controlling means 8 of the 
amplifying means 7. 

[0050] According to a first embodiment (not shown), 
the controlling means 8 comprises a signal generator 8 
which analogically reproduces, within each scan, the in- 
verse pattern of the signal previously determined as 
mean or most typical signal, and a synchroniser or timer, 
intended to synchronise the above signal generator with 
sensor 3; at each scan, said signal generator controls, 
through the control signal 9, the gain of the amplifying 
means 7, thus generating a resulting electrical signal 6 
having a substantially constant amplitude. 
[0051] According to an alternative embodiment, 
shown in figure 3, the controlling means 8 comprises a 
control unit 11 for controlling the amplifying means 7, 
and storage means 12. 

[0052] According to said embodiment, N samples are 
extracted from the signal selected as mean or most typ- 
ical signal (where N is equal to or less than the number 
of photosensitive elements of sensor 3); said samples 
are converted into binary values and, after having cre- 
ated their reciprocal, they are stored in the storage 
means 12. The stored values are sequentially taken 
back from this means 12 in synchrony with the scan of 
the optical code (through a synchroniser ortimer 1 3 suit- 
ably provided into the control unit 11), and, through a 
digital/analogue converter 14 (also provided into the 
control unit 11), the gain of the amplifying means 7 is 
controlled at each scan through the control signal 9, thus 
generating a resulting electrical signal 6 having a sub- 
stantially constant amplitude. 

[0053] According to another one of the compensation 
criteria devised by the inventors for the purpose of guar- 
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anteeing a minimum difference between the pattern of 
the gain appiied to the detected electrical signal 4 and 
the inverse of the amplitude pattern of said signal, in- 
stead of determining a single mean or most typical sig- 
nal (as proposed in the previously described compen- 
sation criterion), a series of typical signals detected ac- 
cording to the methodology described above are deter- 
mined (for example, at different reading distances or on 
the basis of the type of required application, etc.); the 
inverse pattern is determined for each of them. A series 
of signals is thus obtained, representing a series of laws 
by which it is possible to vary the gain of the amplifying 
means 7 at each scan. This advantageously allows to 
increase the versatility of the reader, making more pre- 
cise the intervention of varying the amplitude pattern of 
the electrical signal 4 detected by sensor 3. 
[0054] From the structural point of view, also this sec- 
ond criterion can be implemented by various alternative 
embodiments of the controlling means 8 of the amplify- 
ing means 7. 

[0055] According to a first embodiment (not shown), 
the controlling means 8 comprises a plurality of signal 
generators synchronised (through suitable timers) with 
sensor 3, as many as the different interventions of var- 
ying the amplitude pattern of the electrical signal 4 to be 
carried out; then, a microcontroller selects the suitable 
generator for the current scan, according to a suitable 
selection criterion. 

[0056] According to a second embodiment (not 
shown), the controlling means 8 comprises a single sig- 
nal generator which can be programmed by the micro- 
controller so as to reproduce the inverse of all the typical 
signals considered. In this case, the information on the 
generator programming is stored in suitable storage 
means. 

[0057] According to a third embodiment (not shown), 
the controlling means 8 comprises, also in this case, a 
control unit for controlling the amplifying means 7, and 
storage means. According to said embodiment, and in 
a manner totally analogous to what described above 
with reference to the second embodiment of the first 
compensation criterion, N samples are extracted for 
each signal selected as typical signal (where N is equal 
to or less than the number of photosensitive elements 
of sensor 3); said samples are converted into binary val- 
ues and, after having created their reciprocal, they are 
stored in the storage means. Then, one of the typical 
signals is selected depending on the specific application 
and, in synchrony with the optical code scan (through a 
synchroniser or timer suitably provided into the control 
unit), the stored values correlated to said selected signal 
are sequentially taken back from the storage means. 
Then, through a digital/analogue converter (also provid- 
ed into the control unit) the gain of the amplifying means 
7 is controlled at each scan, thus generating a resulting 
electrical signal 6 having a substantially constant ampli- 
tude. 

[0058] The selection of the suitable generator or of the 



suitable sequence of stored samples can be implement- 
ed according to various modes; some of them are de- 
scribed in the following description. 
[0059] According to a first mode, through a software 
5 algorithm, a microprocessor selects in a sequence, or 
according to a predetermined criterion (for example, in 
order of typicality) the different signal generators, or ail 
of the stored N samples, until the intervention of varying 
the amplitude pattern of the electrical signal 4 is such 
io as to make the optical code decoding possible. 

[0060] According to a second mode, through a con- 
ventional system for detecting the distance between 
reader and optical code and a suitable correspondence 
law (determined in advance) between the distance and 
is the typical signal pattern, a microprocessor selects the 
suitable generator. If the system for selecting the dis- 
tance is sufficiently accurate to provide also an estimate 
of the inclination, on the horizontal plane, of the optical 
code with respect to the reader (pitch angle), then the 
20 intervention of varying the amplitude pattern of the elec- 
trical signal 4 can be even more precise, as in this case 
it is possible to also consider, in the step of determina- 
tion of the typical signals and in that of attenuation of 
the gain variation, the non-uniformities of the pattern of 
25 the luminous profile of the light beam diffused by the il- 
luminated code due to the misalignment between code 
and reader. 

[0061] According to another of the compensation cri- 
terion devised by the inventors for the purpose of guar- 

30 anteeing a minimum difference between the gain pat- 
tern applied to the detected electrical signal 4 and the 
inverse of the amplitude pattern of said signal, a plurality 
of consecutive detections are carried out, each time am- 
plifying the detected electrical signal by applying thereto 

35 a gain variable according to an inverse variation law with 
respect to that of the previously detected signal. More 
in particular, at each scan of the optical code, a micro- 
processor acquires the electrical signal 4 in output from 
sensor 3 through a suitable A/D converter, and deter- 

40 mines its variation law (envelope) through a low-pass 
filtering or an interpolation of the detected minimum lo- 
cal values. Then, the inverse function of said variation 
law is calculated and applied to the next scan, by con- 
trolling - through a D/A converter - the variable gain am- 

4 5 plifying means. 

[0062] An example of algorithm for determining the 
variation law (envelope) of the electrical signal 4 in out- 
put from sensor 3 comprises the following steps: 



so - 



55 



dividing the image of the electrical signal 4 into a 
plurality of sections; 
for each section, identifying a relative minimum 
point; 

interpolating the identified minimum points (for ex- 
ample, with a least squares interpolation). 

[0063] From the structural point of view, also this third 
criterion can be implemented by various alternative em- 
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bodiments of the controlling means 8 and of the ampli- 
fying means 7. One of said embodiments is shown in 
figure 4. 

[0064] According to said embodiment, the electrical 
signal 4 detected by sensor 3 is pre-amplified through 
a first amplifier 15 so as to facilitate its conversion. The 
pre-amplified signal 16 is sampled through an A/D con- 
verter 17 and the extracted samples are stored in a first 
area 1 8a of a storage card 1 9 (RAM). Then, said sam- 
pled signal is processed by a suitable software in a 
processing block 20 so as to determine its variation law 
(envelope) and determine Its inverse. The samples of 
said inverse function are stored in a second area 1 8b of 
the storage card 1 9 ready to be used at the next scans 
to control the variable gain stage of the amplifying 
means 7; in particular, the samples of the inverse func- 
tion are taken from area 18b and transferred to a D/A 
converter 21 which provides the control signal 9 of the 
gain of the amplifying means 7. The synchronism of the 
transfers to the D/A converter 21 and of the sampling of 
the A/D converter 17 is ensured by a timer 13. 
[0065] Of course, said criterion is more powerful and 
valid than the ones previously described; in fact, it allows 
to consider also the actual non-uniformities that are dif- 
ficult to foresee in advance, such as for example those 
caused by the difference of emission between the lumi- 
nous sources, although they are nominally equal to each 
other. 

[0066] Independently of the implemented compensa- 
tion criterion and/or of the implemented embodiment, it 
is convenient to limit the maximum operating gain of the 
variable amplifier 7 so as to contain the noise, optionally 
using more variable amplification steps arranged in a 
cascade and uncoupled from dedicated filtering steps. 
Moreover, it is preferable that the gain variation be con- 
tinuous, for the purpose of preventing that sudden var- 
iations produced on the resulting signal 6 could alter the 
extraction of its information content. In fact, it must be 
considered that the electrical signal 4 in output from sen- 
sor 3 is typically constant at intervals: that is to say, N 
discrete values of tension follow on time, due to the 
transduction process operated by each of the N photo- 
sensitive elements of sensor 3. 

[0067] Figure 5 schematically shows another embod- 
iment of means 5 for varying the amplitude pattern of 
the electrical signal 4 detected by sensor 3. In said em- 
bodiment, besides the amplifying means 7 and the con- 
trolling means 8, means 5 comprises a generator 50 of 
a reference tension 51 necessary for the amplifying 
means 7. Said reference tension 51 is obtained through 
a classic sampling circuit from the electrical signal 4 in 
output from the sensor, starting from a tension 52 which 
represents the level of the "absolute black" of the elec- 
trical signal 4 (obtained by optically screening some par- 
ticular pixels). Signal 9 for controlling the variable gain 
amplifying means 7 is obtained through a ramp gener- 
ator 8 controlled by a signal 53 which, besides synchro- 
nising the ramp generator 8, determines the pattern, 



along the reading direction, of the resulting signal 6, and 
through a signal 54, which determines the variation on 
time of said signal 6; by doing so, the symmetry of the 
resulting signal 6 with respect to the optical axis of the 
5 sensor and its temporal pattern is obtained. Finally, said 
resulting signal 6 can be softened thanks to the logarith- 
mic behaviour of a diode and resistance network. 
[0068] In operation, the illumination system of the 
reader of the present invention illuminates the optical 
10 code to be read, and the reception system picks-up the 
luminous signal diffused by the illuminated code. Said 
signal is detected by sensor 3, which generates the elec- 
trical signal 4 (proportional to the luminous signal) hav- 
ing for example amplitude variable, along the reading 
is direction, between a maximum value Vmax and a min- 
imum value Vmin. The electrical signal 4 is then ampli- 
fied by applying thereto a gain variable according to a 
predetermined variation law, for example and prefera- 
bly, a variation law which is substantially inverse with 
20 respect to that of the same electrical signal 4 (according 
to one of the compensation criteria described above), 
so as to generate a resulting electrical signal 6 having 
a predetermined amplitude pattern, for example and 
preferably, a constant amplitude. The electrical signal 6 
25 is then processed and decoded so as to extract the cod- 
ed information content from it. 

[0069] The present description has been made with 
particular reference to the case in which, starting from 
an electrical signal with variable amplitude (typically, the 
30 electrical signal detected by a sensor in a coded infor- 
mation optical reader), a signal with substantially con- 
stant amplitude is to be obtained. However, it is evident 
that the present invention must not be regarded as lim- 
ited to said specific case, but it must be extended to all 
35 cases in which an electrical signal having variable am- 
plitude according to any predetermined pattern is to be 
obtained. For example, the present invention comprises 
the case in which, starting from a detected electrical sig- 
nal having a constant amplitude pattern or an amplitude 
40 pattern variable according to a first variation law (for ex- 
ample, with greater amplitude at the centre), an electri- 
cal signal having an amplitude pattern variable accord- 
ing to a second variation law is to be obtained (for ex- 
ample, with greater amplitude at the ends), etc.. 



Claims 

1 . Device for reading coded information, comprising: 
illumination means; 

means for picking-up a luminous signal diffused 
by an illuminated support containing coded in- 
formation; 

means for detecting the luminous signal, in- 
tended to generate a first electrical signal pro- 
portional to said luminous signal; 
means for processing said first electrical signal, 
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2. 



3. 



5. 



6. 



intended to extract the coded information con- 
tent from it; 

characterised in that it comprises means for var- 
ying the amplitude pattern of said first electrical sig- 
nal along at least one reading direction, so as to 
generate an electrical signal having, along said at 
least one reading direction, a predetermined ampli- 
tude pattern. 

Device according to claim 1 , wherein the means for 
detecting the luminous signal generates a first elec- 
trical signal proportional to said luminous signal and 
having an amplitude variable along said at least one 
reading direction, between at least one maximum 
value Vmax and at least one minimum value Vmin, 
and the means for varying the amplitude pattern of 
said first electrical signal along said at least one 
reading direction are such as to generate an elec- 
trical signal having a substantially constant ampli- 
tude. 

Device according to claim 1 or2, wherein the means 
for varying the amplitude pattern of said first elec- 
trical signal operates on said first electrical signal 
point by point. 

Device according to any one of the previous claims, 
wherein the illumination means comprises at least 
one array of LEDs. 

Device according to any one of the previous claims, 
wherein the means for detecting the luminous sig- 
nal comprises at least one array of photosensitive 
elements aligned along said at least one reading di- 
rection. 

Device according to claim 5, wherein the detection 
means comprises a linear or matrix CCD or C-MOS 
sensor. 
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a value equal to 1 to points of said first electrical 
signal having maximum amplitude Vmax and a gain 
Gmax with a value equal to Vmax/Vmin to points of 
said first electrical signal having minimum ampli- 
tude Vmin. 

10. Device according to any one of claims from 7 to 9, 
further comprising means for controlling said varia- 
ble gain amplifying means. 

11 . Device according to claim 1 0, wherein said control- 
ling means comprises: 

- means for generating at least one second elec- 
trical signal variable according to an inverse 
variation law with respect to that of at least one 
third electrical signal, representative of a lumi- 
nous signal diffused by a reference target 
placed on at least one predetermined distance; 

- means for synchronising said at least one sec- 
ond electrical signal with said first electrical sig- 
nal. 

12. Device according to claim 11, wherein said refer- 
ence target is a white-coloured plane support. 
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Device according to any one of the previous claims, 
wherein the means for varying the amplitude pat- 
tern of said first electrical signal comprises amplify- 
ing means with a gain variable according to a pre- 
determined variation law. 

Device according to claim 7, when depending on 
claim 2, wherein the means for varying the ampli- 
tude pattern of said first electrical signal comprises 
amplifying means with a gain variable according to 
a variation law which is substantially inverse with 
respect to the variation law of said first electrical sig- 
nal. 

Device according to claim 7, when depending on 
claim 2, or according to claim 8, wherein the varia- 
ble gain amplifying means applies a gain Gmin with 



13. Device according to claim 11 or 12, wherein said at 
least one third signal is a signal representative of 
the mean of the electrical signals detected when 

30 placing the reference target at different distances. 

14. Device for detecting a luminous signal diffused by 
a support containing coded information, comprising 
photo-receiving means intended to generate a first 
electrical signal proportional to a luminous signal 
diffused by a support containing coded information, 
characterised in that it comprises means for var- 
ying the amplitude pattern of said first electrical sig- 
nal, along at least one reading direction, so as to 
generate an electrical signal having, along said at 
least one reading direction, a predetermined ampli- 
tude pattern. 

15. Method for reading coded information, comprising 
45 the following steps: 

- illuminating a support containing coded infor- 
mation; 

- picking-up a luminous signal diffused by said 
illuminated support; 

- detecting said luminous signal so as to gener- 
ate a first electrical signal proportional to said 
luminous signal; 

- processing said first electrical signal so as to 
extract the coded information content from it; 

characterised in that it comprises the step of var- 
ying the amplitude pattern of said first electrical sig- 
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nal along at least one reading direction, so as to 
generate an electrical signal having, along said at 
least one reading direction, a predetermined ampli- 
tude pattern. 

16. Method according to claim 15, wherein said first 
electrical signal has an amplitude variable, along 
said at least one reading direction, between at least 
one maximum value Vmax and at least one mini- 
mum value Vmin and wherein the amplitude pattern 
of said first electrical signal along said at least one 
reading direction is varied so as to generate an elec- 
trical signal having a substantially constant ampli- 
tude. 

17. Method according to claim 15 or 16, wherein the 
variation of the amplitude pattern of said first elec- 
trical signal occurs point by point. 

18. Method according to any one of claims from 15 to 
17, wherein the step of varying the amplitude pat- 
tern of said first electrical signal comprises the step 
of amplifying said first electrical signal by applying 
thereto a gain variable according to a predeter- 
mined variation law. 

19. Method according to claim 18, when depending on 
claim 16, wherein the step of varying the amplitude 
pattern of said first electrical signal comprises the 
step of amplifying said first electrical signal by ap- 
plying thereto a gain variable according to a varia- 
tion law which is substantially inverse with respect 
to that of said first electrical signal. 

20. Method according to claim 1 8, when depending on 
claim 1 6, or according to claim 19, wherein the step 
of amplifying said first electrical signal comprises 
the step of applying a gain Gmin with a value equal 
to 1 to points of said first electrical signal having 
maximum amplitude Vmax and a gain Gmax with a 
value equal-to Vmax/Vmin to points of said first 
electrical signal having minimum amplitude Vmin. 

21. Method according to any one of claims from 18 to 
20, wherein the step of amplifying said first electrical 
signal comprises the following steps: 

generating at least one second electrical signal 
variable according to a inverse variation law 
with respect to that of at least one third electri- 
cal signal representative of at least one lumi- 
nous signal diffused by a reference target 
placed on at least one predetermined distance; 
synchronising said at least one second electri- 
cal signal with said first electrical signal; 
adjusting said gain depending on said at least 
one second electrical signal. 



22. Method according to claim 21 , wherein the step of 
generating said at least one second electrical signal 
comprises the following steps: 

5 - detecting a third electrical signal representative 

of a luminous signal diffused by an illuminated 
reference target placed at a predetermined dis- 
tance; 

repeatingthe previous step for a predetermined 
10 number of times, each time varying the dis- 

tance at which the reference target is placed; 

- determining at least one fourth electrical signal 
representative of the electrical signals detected 
by placing the reference target at different dis- 

15 tances; 

- determining at least one second electrical sig- 
nal having an inverse variation law with respect 
to that of said at least one fourth electrical sig- 
nal. 

20 

23. Method according to claim 21 or 22, wherein said 
reference target is a white-coloured plane support. 

24. Method according to any one of claims from 1 8 to 
25 20, further comprising the steps of carrying out a 

plurality of consecutive detections, each time am- 
plifying the detected electrical signal by applying 
thereto a gain variable according to an inverse var- 
iation law with respect to that of the previously de- 
30 tected signal. 
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